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Description 

Field of the invention 

[0001] The present invention relates to a method of 
producing IgG for medical applications. The method of 
the invention provides an IgG product having low anti- 
complementary activity (ACA). 

Background of the invention 

[0002] IgG prepared from human plasma is widely 
used in the treatment of agammaglobulinaemia, idio- 
pathic thrombocytopenic purpura and in the prophylaxis 
of certain diseases. IgG preparations are administered 
intramuscularly as well as intravenously. 
[0003] Within the field of the art it is well known that 
isolated IgG preparations have marked anticomplemen- 
tary activities (ACA) . It has been shown that the compo- 
nents responsible for these activities are aggregates of 
IgG that form either spontaneously or as a result of the 
isolation procedure. These anticomplementary aggre- 
gates have been shown to be harmful in several clinical 
applications of the IgG products. For example, intrave- 
nous administration of IgG preparations can give rise to 
adverse side reactions, including anaphylactic shock. 
[0004] Several solutions have been proposed to over- 
comethe problem with ACA in IgG preparations. For ex- 
ample, in US 3 966 906 a process is described for treat- 
ing a crude gamma globulin fraction of serum with pep- 
sin to disaggregate IgG and reduce anticomplement ac- 
tivity However, the therapeutic effect provided by such 
a preparation is unacceptably short since it is rapidly ex- 
creted. Another drawback with the pepsin treated immu- 
noglobulins is thattheir Fc binding capacity is lowerthan 
for native immunoglobulins. 

[0005] Attempts have been made to stabilise pepsin 
treated IgG preparations, such as by polyethylene glycol 
(PEG) see for example WO 86/06993. 
[0006] To solve the problem with high ACA activity it 
has been proposed to chemically modify the IgG prep- 
arations. For example, in US 3 902 262 a portion of the 
disulphide linkages of the IgG molecule is reduced to 
-SH groups and then the -SH groups are alkylated. 
[0007] For obvious reasons, it would be desirable to 
have an IgG product which is free from enzymatic and 
other chemical modification and to be as close to native 
as possible. A method fulfilling these criteria has been 
described in "An improved chromatographic method for 
production of IgG from human plasma" by I. Andersson, 
L-0 Lindquist, J. Berglof, presented at the "XXIII Con- 
gress of the ISBT", Amsterdam, The Netherlands, July 
2-8, 1994). However, this procedure also shows unsat- 
isfactory high ACA-levels and does not fulfil the FDAand 
EU requirements for intravenous drugs. 
[0008] Known methods for the manufacture of IgG 
compositions typically comprise several steps selected 
amongst: 



a) buffering plasma, for instance either by subject- 
ing the plasma to an appropriate gel filtration chro- 
matography or by diafiltration; 

b) removing euglobulins, such as by precipitation; 
5 c) removing the albumin fraction (albumin), for in- 
stance by binding albumin and the like to an anion 
exchanger leaving the IgG in the unbound fraction 
(IgG fraction); 

d) purifying, after removal of euglobulins and albu- 
go min,the IgG fraction obtained in step (c) on an anion 

exchanger and collecting the unbound fraction; 

e) purifying the plasma fraction obtained in step (d) 
on a cation exchanger and collecting the bound 
fraction (adsorption and release of IgG); 

15 f) concentrating the IgG enriched plasma fraction 
obtained in step (e) (IgG released from the cation 
exchanger), preferably by ultrafiltration; 

g) inactivating viruses by adding virus inactivation 
chemicals, preferably a solvent/detergent (S/D) so- 

20 lution, to an IgG enriched plasma fraction, for in- 
stance the fraction obtained in step (f); 

h) removing the virus antiviral chemicals added in 
step (g), preferably by adsorbing IgG to a cation ex- 
changer and releasing and collecting the bound 

25 fraction; 

i) concentrating the bound fraction collected in step 
(h), for instance by ultrafiltration; 

j) formulating of the fraction concentrated in step (i); 
k) sterile filtration of the formulated IgG obtained in 
30 step (k). 

Summary of the invention 

[0009] The present invention provides a solution for 
35 producing IgG products having reduced ACA, by modi- 
fying earlier known methods. 

[001 0] Thus in a first aspect the invention relates to a 
method of producing IgG from plasma for medical ap- 
plications, comprising at least: (i') removal of albumin 
40 resulting in an IgG fraction, (ii 1 ) purifying IgG from an IgG 
fraction, which is derived from the IgG fraction obtained 
in step (i'), by adsorbing IgG to a cation exchanger and 
collecting the adsorbed IgG fraction, and (in') virus inac- 
tivation in an IgG fraction derived from the IgG fraction 
45 collected in step (ii 1 ). The method is characterized in 

(I) concentrating the IgG fraction obtained in step 
(i% 

(II) adjusting pH to 4±0.1 of the IgG fraction re- 
50 leased from the cation exchanger used in step (ii 1 ), 

and preferably maintaining the pH below 6.0 during 
the remaining steps of the method; and 

(III) carrying out the virus inactivation (step iii') by 
using virus inactivation chemicals, preferably a sol- 

55 vent/detergent (S/D) solution, at a temperature of 
30°C ± 2°C for at least 4 hours. 

[0011] Adjustment of pH to around 4 in (II) permits vi- 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 268 551 B1 



4 



rus inactivation to be carried out at around 30°C. In the 
corresponding earlier process, in which pH was 5,5 ; the 
level of the proteolytic activity at 30°C was unaccepta- 
ble. 

[001 2] A preferred variant of the process according to 
the invention comprises steps (a)-(k) above in which the 
albumin removal step (c) corresponds to (i 1 ), the cation 
exchange step (e) corresponds to (ii 1 ), and the virus in- 
activation (g) corresponds to (iii'). 
[0013] The purification and/or removal steps above 
are preferably run as chromatography. Appropriate sep- 
aration media used in these steps are hydrophilic in the 
sense that they are able to expose surfaces carrying hy- 
drophilic groups, such as hydroxy, amido etc., to the liq- 
uid sample containing IgG. Appropriate separation me- 
dia may be found amongst those that are based on syn- 
thetic polymers and/or biopolymers (for instance 
polysaccharides) carrying hydrophilic groups, as re- 
ferred to above. Depending on where in the process the 
media is to be applied they may be uncharged, or may 
carry positively charged (e.g. ammonium groups) and/ 
or negatively charged groups (e.g. carboxy groups and 
sulphonic acid groups). The following chromatographic 
media are preferred: 

step a) : Sephadex G25; 
step c): DEAE Sepharose FF; 
step d): Q Sepharose FF; 
step e): CM Sepharose FF; 
step h): CM Sepharose FF. 

[0014] Sephadex and Sepharose (Amersham Phar- 
macia Biotech AB, Uppsala, Sweden) are based on 
cross-linked dextrand and agarose, respectively. DEAE 
means that the base matrix (cross-linked dextran is sub- 
stituted with diethylaminoethyl groups. Analogously Q 
stands for quaternary ammonium groups, and CM for 
carboxy methyl groups. 

[0015] The concentrating according to (I) is preferably 
performed immediately after albumin removal (for in- 
stance after step c as defined above) by ultrafiltration, 
to less than or equal to the volume of the starting plas- 
ma. 

[001 6] To be able to use an acetate buffer in the step 
for removal of virus inactivation chemicals (step h), the 
ionic strength is adjusted to about 1 .40 mS before this 
step. 

[0017] In a preferred embodiment, the method also 
comprises, in step (i) lowering of ionic strength to 0.5 
mS ± 0.1 , preferably by diafiltration against distilled wa- 
ter. 

Detailed description of the invention 

[0018] Below the invention will be described in more 
detail in association with the accompanying drawing, 
Figure 1, which schematically shows a preferred em- 
bodiment of the method according to the invention, 



wherein the characterising features of the method as de- 
fined in the claims are in bold letters. 

Starting material 

[0019] Both Recovered Plasma, Fresh Frozen Plas- 
ma and Source plasma can be used as starting material. 
[0020] The following subclasses of plasma can be 
identified and used as starting material. 

1 . Cryosupernatant plasma that has passed a chro- 
matographic step for adsorption of vitamin K de- 
pendent factors ( FIX, prothrombin, FVII, FX). 

2. Cryosupernant plasma from which the pro- 
thrombin complex has not been removed. 

3. Plasma that has passed a gel filtration medium 
(preferably having exclusion limits in the same 
range as Sepharose 4FF (Amersham Pharmacia 
Biotech AB, Uppsala ! Sweden) for removal of FVII I 
and that has passed a chromatographic step for ad- 
sorption of vitamin K dependent factors (FIX, pro- 
thrombin, FVII, FX). 

4. Plasma that has passed a gel filtration medium 
for removal of FVII I and from which the prothrombin 
complex has not been removed. 

[0021] The gel filtration medium preferably exclusion 
limits in the same range as Sepharose FF (Amersham 
Pharmacia Biotech AB). 

[0022] In addition the starting material could also be 
free from ATIII and/ or Fibrinogen. 
[0023] Below two non-limiting Examples of methods 
according to the invention to purify IgG are described. 
The methods are performed at room temperature, if 
nothing else is stated. 

[0024] Anticomplementary activity (ACA) refers to 
measurements in the final product, is measured accord- 
ing to Eur. Pharmacopoeia Monograph (1 997) page 963 
(2.6.17) and should not be higher than 1 CH 50 /mg im- 
munoglobulin. 



[0025] 625 L of thawed plasma is buffer exchanged 
into a 0.005 M NaAc (sodium acetate) pH 7 on a column 
of diameter Di = 800 mm and bed height of H = 600 mm, 
50 packed with Sephadex G-25 C. The flow is more than 
1 00 cm/h, preferably 300 cm/h corresponding to a flow 
rate of 1500 L/h. 

[0026] The eluted plasma is collected in a tank and 
1M acetic acid is added during stirring until the pH 5.2 
55 is reached. The plasma is left standing without stirring 
for 4-1 2 hours at a temperature of 4-1 0°C. After standing 
the formed euglobulin precipitation is removed by cen- 
trifugation. 
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[0027] The plasma is adjusted with 1 M NaAc , pH 5.2 
to a final ionic strength of I = 1 .4 mS (Range I = 1 .30 - 
1 .50 ). The pH shall be between 5.15 - 5.25. 
[0028] The plasma is applied in 6 cycles, 25 - 30 g of 
albumin per litre gel, on a column of Di = 1000 mm and 
H = 150 mm, packed with DEAE Sepharose FF and 
equilibrated with 0.020 M NaAc, pH 5.2. The linear flow 
rate is more than 60 cm/h, preferably 120 cm/h corre- 
sponding to a flow rate of 942 L/h. In the equilibration 
buffer the IgG will pass the column whilst the albumin is 
adsorbed. After 3 cycles the column is washed with 1 .7 
Vc (Vc = bed volume) of 0.15 M NaAc pH 4.0 + 0.5 M 
NaCI, 0.5 Vc of 0.5 M NaOH and 1 .7 Vc of 0.15 M NaAc 
pH 4.0. 

[0029] The IgG fraction of about 2350 L is concentrat- 
ed by ultrafiltration to a final volume less or equal to 625 
L, preferably 400 - 500 L. The procedure shall be started 
at the latest, when the whole fraction is collected from 
the DEAE Sepharose column. 

[0030] The IgG solution is pH adjusted to pH 6.5 
(6.45-6.55) with 1 M NaOH and the ionic strength is ad- 
justed to 1 .40 mS (1 .30-1 .50 mS) by adding of WFI wa- 
ter (WFI = water for injection). 

[0031] The IgG solution is applied in 6 cycles on a col- 
umn of Di = 1 000 mm and H = 1 50 mm, packed with Q 
Sepharose FF and equilibrated with 0.020 M NaAc, pH 
6.5. Linear flow rate is more than 30 cm/h preferably 1 00 
cm/h corresponding to 785 L/h. After 3 cycles the col- 
umn is washed with 0.5 Vc of 0.5 M NaOH and 1 .7 Vc 
of 0.1 5 M NaAc pH 4.0 The break through fraction con- 
taining IgG is directly adsorbed on the next column of 
Di = 800 mm and H = 80 mm and packed with CM 
Sepharose FF. When the IgG fraction from all 6 cycles 
has been pumped through, the column is washed with 
1 0 Vc of 0.01 M Glycine buffer, pH 7.0. The IgG is then 
eluted with 7 Vc of 0.1 M Glycine + 0.15 M NaCI pH 9.0. 
[0032] The pH of the solution is adjusted to 4.0±0.1 
with 1M HAc (Acetic acid) and concentrated by ultrafil- 
tration to about 5% IgG. 

[0033] Virus inactivation chemicals, Triton X-1 00 and 
TNBP, are added to the IgG solution during stirring. This 
mixture is transferred to the incubation tank for heat 
treatment at 30°C± 2°C for 4-16 hours. The ionic 
strength of the solution is adjusted to 1 .40 mS by dilution 
with WFI and applied in 1 cycle on another column of Di 
= 800 mm and H = 80 mm, packed with CM Sepharose 
FF and equilibrated with 0.020 M NaAc buffer pH 4.0. 
The linear flow rate is more than 40 cm/h, preferably 80 
cm/h, corresponding to 400 L/h. After application the 
column is washed with 1 0 Vc of 0.01 M Glycine buffer 
pH 7.0 in order to remove the inactivation chemicals. 
The IgG is eluted with 7 Vc of 0.1 M Glycine + 0.15 M 
NaCI pH 9.0 at the same flow rate and adjusted to pH 
4.0 with 1 M HCI. The solution is then concentrated by 
ultrafiltration to 5% to 7% IgG and the ionic strength is 
adjusted by diafiltration to 0.5 mS±0.2 mS. Finally the 
solution is adjusted to 5.0%. 

[0034] The solution isformulatedtothefollowing com- 



position: 

Sucrose 1 g/g IgG 

- IgG 5% 

5 

- pH4.0. 

ionic strength 0.5 mS ± 0.2 mS 

[0035] After sterile filtration, filling and capping theso- 
10 lution is ready for delivery or storage. 

[0036] ACA for different batches measured as defined 
above was found to be 0.5-0.7 CH 50 /mg immunoglobu- 
lin. 

15 Example 2 

[0037] 625 L of thawed plasma is buffer exchanged 
into a 0.005 M NaAc (sodium acetate) pH 7 on a column 
of diameter Di = 800 mm and bed height of H = 600 mm, 
20 packed with Sephadex G-25 C. The flow is more than 
1 00 cm/h, preferably 300 cm/h corresponding to a flow 
rate of 1500 L/h. 

[0038] The eluted plasma is collected in a tank and 
1M acetic acid is added during stirring until the pH 5.2 
25 is reached. The plasma is left standing without stirring 
for 4-1 2 hours at a temperature of 4-1 0°C. After standing 
the formed euglobulin precipitation is removed by cen- 
trifugation. 

[0039] The plasma is adjusted with 1 M NaAc, pH 5.2 
30 to a final ionic strength of I = 1 .4 mS (Range I = 1 .30 - 
1 .50). The pH shall be between 5.15 - 5.25. 
[0040] The plasma is applied in 6 cycles, 25 - 30 g of 
albumin per litre gel, on a column of Di = 1 000 mm and 
H = 150 mm, packed with DEAE Sepharose FF and 
35 equilibrated with 0.020 M NaAc, pH 5.2. The linear flow 
rate is more than 60 cm/h, preferably 120 cm/h corre- 
sponding to a flow rate of 942 L/h. In the equilibration 
buffer the IgG will pass the column whilst the albumin is 
adsorbed. After 3 cycles the column is washed with 1 .7 
40 Vc (Vc = bed volume) of 0.15 M NaAc pH 4.0 + 0.5 M 
NaCI, 0.5 Vc of 0.5 M NaOH and 1 .7 Vc of 0.15 M NaAc 
pH 4.0. 

[0041] The IgG fraction of about 2350 L is concentrat- 
ed by ultrafiltration to a final volume less than or equal 
45 to 625 L preferably 400R500 L. The procedure shall be 
started at the latest, when the whole fraction is collected 
from the DEAE Sepharose column. 
[0042] The IgG solution is pH adjusted to pH 6.5 
(6.45-6.55) with 1 M NaOH and the ionic strength is ad- 
50 justed to 1 .40 mS (1 .30-1 .50 mS) by adding of WFI wa- 
ter (WFI = water for injection). 

[0043] The IgG solution is applied in 4 cycles on col- 
umn of Di = 1000 mm and H = 150 mm, packed with a 
mixed bed of DEAE Sepharose FF and Arginine Sepha- 
55 rose FF in a proportion 60%/40% and equilibrated with 
0.020 M NaAc, pH 6.5. Linear flow rate is more than 30 
cm/h, preferably 1 00 cm/h corresponding to 785 L/h. Af- 
ter 2 cycles the column is washed with 0.5 Vc of 0.5 M 
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NaOH and 1.7 Vc of 0.15 M NaAc pH 4.0. The break 
through fraction containing IgG is directly adsorbed on 
the next column of Di = 800 mm and H = 80 mm, packed 
with CM Sepharose FF. When the IgG fraction from all 
6 cycles has been pumped through, the column is 
washed with 1 0 Vc of 0.01 M Glycine buffer, pH 7.0. The 
IgG is then eluted with 7 Vc of 0.1 M Glycine + 0.15 M 
NaCI pH 9.0. 

[0044] The pH of the solution is adjusted to 4.0+ 0.1 
with 1M HAc (Acetic acid) and concentrated by ultrafil- 
tration to about 5% IgG. 

[0045] Virus inactivation chemicals, Triton X-1 00 and 
TNBP, are added to the IgG solution during stirring. This 
mixture is transferred to the incubation tank for heat 
treatment at 30°C±2°C for 4-16 hours. The ionic 
strength of the solution is adjusted to 1 .40 mS by dilution 
with WFI and applied in 1 cycle on another column ofDi 
= 800 mm and H = 80 mm, packed with CM Sepharose 
FF and equilibrated with 0.020 M NaAc buffer pH 4.0. 
The linear flow rate is more than 40 cm/h, preferably 80 
cm/h corresponding to 400 L/h. After application the col- 
umn is washed with 1 0 Vc of 0.01 M Glycine buffer pH 
7.0 in order to remove the inactivation chemicals. The 
IgG is eluted with 7 Vc of 0.1 M Glycine + 0.15 M NaCI 
pH 9.0 at the same flow rate and adjusted to pH 4.0 with 
1 M HCI. The solution is then concentrated by ultrafiltra- 
tion to 5% to 7% IgG and the ionic strength is adjusted 
by diafiltration to 0.5 mS±0.2 mS. Finally the solution is 
adjusted to 5.0%. 

[0046] The solution is formulated as in Example 1 . Af- 
ter sterile filtration, filling and capping, the solution is 
ready for delivery or storage. ACA for different batches 
measured as defined above was found to be 0.5-0.7 
CH 50 /mg immunoglobulin. 



Claims 

1 . A method for producing IgG from plasma for medi- 
cal applications, comprising at least: (i 1 ) removal of 
albumin resulting in an IgG fraction, (ii 1 ) purifying 
IgG from an IgG fraction, which is derived from the 
IgG fraction obtained in step (i 1 ), by adsorbing IgG 
to a cation exchanger and collecting the adsorbed 
IgG fraction, and (iii') virus inactivation in an IgG 
fraction derived from the IgG fraction collected in 
step (ii ), characterized in 

(I) concentrating the IgG fraction obtained in 
step (i 1 ), 

(II) adjusting pH to 4+0.1 in the IgG fraction re- 
leased from the cation exchanger in step (ii 1 ), 
and preferably maintaining the pH below 6.0 
during the remaining steps of the method; and 

(III) carrying out the virus inactivation (step iii') 
by using chemicals at a temperature of 30°C ± 
2°Cfor at least 4 hours. 



2. The method of claim I comprising the steps: 

a) buffering of fresh plasma; 

b) removal of euglobulins; 

5 c) removal of albumin followed by (I) of claim 1 ; 

d) purification of plasma fraction obtained after 
removal of euglobulins and albumin on an ani- 
on exchanger and collecting the unbound plas- 
ma fraction (IgG fraction); 

10 e) purification of the IgG fraction obtained in 

step (d) on a cation exchanger and collecting 
the bound IgG plasma fraction including adjust- 
ing pH as defined in (II) of claim 1 ; 

f) concentration of the IgG plasma fraction col- 
's lected in step (e); 

g) inactivation of virus as defined in (III) of claim 
1 in the IgG plasma fraction collected in step (f); 

h) removal of the virus inactivation chemicals 
added in step (g) by adsorbing IgG to a cation 

20 exchanger and releasing and collecting the 

bound IgG plasma fraction; 

i) concentration of the IgG plasma fraction col- 
lected in step (h); 

j) formulation of the IgG plasma fraction con- 
25 centrated in step (i); 

k) sterile filtration of the formulated IgG plasma 
fraction obtained in step (j); 

3. The method according to anyone of claims 1-2, 
30 wherein the concentration according to (I) is per- 
formed by ultrafiltration to less than the volume of 
the starting plasma. 

4. The method according to anyone of claims 2-3, 
35 comprising an adjustment of ionic strength to about 

1 .40 mS before step h). 



5. The method according to anyone of claims 2-4, 
wherein an acetate buffer is used in step h). 

40 

6. The method according to one or more of the above 
claims, also comprising lowering after step iii', pref- 
erably in step (i) of claim 2, of ionic strength to 0.5 
mS± 0.1. 

45 

7. The method according to claim 6, wherein the low- 
ering of the ionic strength is by diafiltration against 
distilled water. 

50 

Patentanspruche 

1. Verfahren zur Herstellung von IgG aus Plasma fur 
medizinische Anwendungen, umfassend minde- 
55 stens: (i 1 ) Entfernung von Albumin, resultierend in 
einer IgG-Fraktion, (ii 1 ) Reinigen von IgG von einer 
IgG-Fraktion, die von der in Schritt (i 1 ) erhaltenen 
IgG-Fraktion abgeleitet ist, durch Adsorbieren von 
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IgG an einen Kationenaustauscher und Sammeln 
der adsorb ierten IgG-Fraktion, und (iii 1 ) Virusinakti- 
vierung in einer IgG-Fraktion, abgeleitet von der in 
Schritt (ii 1 ) gesammelten IgG-Fraktion, gekenn- 
zeichnet durch 

(I) Konzentrieren der in Schritt (i 1 ) erhaltenen 
IgG-Fraktion, 

(II) Einstellen des pH auf 4+0,1 in der von dem 
Kationenaustauscher in Schritt (ii 1 ) freigesetz- 
ten IgG-Fraktion, und vorzugsweise Halten des 
pH unter 6,0 wahrend den verbleibenden 
Schritten des Verfahrens; und 

(III) Durchfuhren der Virusinakitiverung (Schritt 
iii 1 ) durch Verwendung von Chemikalien bei ei- 
ner Temperatur von 30°C + 2°C wahrend min- 
destens 4 Stunden. 

2. Verfahren nach Anspruch 1 , umfassend die Schrit- 
te: 

a) Puffern von frischem Plasma; 

b) Entfernung von Euglobulinen; 

c) Entfernung von Albumin, gefolgt durch (I) 
aus Anspruch 1 ; 

d) Reinigen einer Plasmafraktion. erhalten 
nach Entfernung von Euglobulinen und Albu- 
min, auf einem Anionenaustauscher und Sam- 
meln der ungebundenen Plasmafraktion 
(IgG-Fraktion); 

e) Reinigen der in Schritt (d) erhaltenen 
IgG-Fraktion auf einem Kationenaustauscher 
und Sammeln der gebundenen IgG-Plas- 
mafraktion, einschlieGlich Einstellen des pH, 
wie in (II) von Anspruch 1 definiert; 

f) Konzentrieren der in Schritt (e) gesammelten 
IgG-Plasmafraktion; 

g) Inaktivieren von Virus, wie in (III) von An- 
spruch 1 definiert, in der in Schritt (f) gesam- 
melten IgG-Plasmafraktion; 

h) Entfernen der in Schritt (g) zugegebenen Vi- 
rusinaktivierungschemikalien durch Adsorbie- 
renvon IgG an einen Kationenaustauscher und 
Freisetzen und Sammeln der gebundenen 
IgG-Plasmafraktion; 

i) Konzentrieren der in Schritt (h) gesammelten 
IgG-Plasmafraktion; 

j) Formulierung der in Schritt (i) konzentrierten 
IgG-Plasmafraktion; 

k) sterile Filtration der in Schritt (j) erhaltenen, 
formulierten IgG-Plasmafraktion. 

3. Verfahren nach Anspruch 1 und/oder 2, wobei die 
Konzentrierung gemaR (I) durch Ultrafiltration auf 
weniger als das Volumen des Ausgangsplasmas 
durchgefuhrt wird. 

4. Verfahren nach mindestens einem der Anspruche 



2-3, umfassend eine Einstellung der lonenstarke 
auf etwa 1 ,40 mS vor Schritt h). 

5. Verfahren nach mindestens einem der Anspruche 
5 2-4, wobei ein Acetatpuffer in Schritt h) verwendet 

wird. 

6. Verfahren nach mindestens einem dervorangehen- 
den Anspruche, umfassend ebenso eine Verringe- 

10 rung, nach Schritt iii 1 , vorzugsweise in Schritt (i) von 
Anspruch 2, der lonenstarke auf 0,5 mS±0,1 . 

7. Verfahren nach Anspruch 6, wobei die Verringerung 
der lonenstarke durch Diafiltration gegenuber de- 

15 stilliertem Wasser erfolgt. 



Revendications 

20 1. Methode de production d'lgG a partir de plasma 
pour des applications medicales, comprenant au 
moins : (i') Termination de I'albumine resultant en 
une fraction IgG, (ii 1 ) la purification d'lgG a partir 
d'une fraction IgG, qui est derivee de la fraction IgG 

25 obtenue a I'etape (i 1 ), par adsorption d'lgG sur une 
colonne echangeuse de cations et collecte de la 
fraction IgG adsorbee, et (iii 1 ) I'inactivation d'un vi- 
rus dans une fraction IgG derivee de la fraction IgG 
collectee a I'etape (ii 1 ), caracterisee par 

30 

(I) le fait de concentrer la fraction IgG obtenue 
a I'etape (i 1 ), 

(II) lefait d'ajuster le pH a 4± 0,1 dans la frac- 
tion IgG liberee a partir de la colonne echan- 

35 geuse de cations a I'etape (ii 1 ) , et le fait de main- 

tenir de preference le pH en-dessous de 6,0 
pendant les etapes ulterieures de la methode ; 
et 

(III) le fait de realiser I'inactivation d'un virus 
40 (etape iii') en utilisant des substances chimi- 

ques a une temperature de30°C±2°C pendant 
au moins 4 heures. 

2. Methode de la revendication 1 comprenant les eta- 
45 pes consistant : 

a) a tamponner le plasma frais ; 

b) a eliminer les euglobulines ; 

c) a eliminer I'albumine puis a effectuer (I) de 
50 la revendication 1 ; 

d) a purifier une fraction de plasma obtenue 
apres elimination des euglobulines et de I'albu- 
mine sur une colonne echangeuse d'anions et 
a collecter la fraction de plasma non Nee (frac- 

55 tion IgG) ; 

e) a purifier la fraction IgG obtenue a I'etape (d) 
sur une colonne echangeuse de cations et a 
collecter la fraction IgG plasmatique lieey com- 
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pris en ajustant le pH comme defini en (II) de 
I'etape 1 ; 

f) a concentrer la fraction IgG plasmatique col- 
lectee a I'etape (e) ; 

g) a inactiver un virus comme defini en (III) de 
la revendication 1 dans la fraction IgG plasma- 
tique collectee a I'etape (f) ; 

h) a eliminer les substances chimiques de 
I'inactivation de virus de I'etape (g) par adsorp- 
tion d'lgG sur une colonne echangeuse de ca- 
tions et liberation et collecte de la fraction IgG 
plasmatique Nee ; 

i) a concentrer la fraction IgG plasmatique col- 
lectee a I'etape (h) ; 

j) a formuler la fraction IgG plasmatique con- 
centree a I'etape (i) ; 

k) a filtrer sterilement la fraction IgG plasmati- 
que formulee obtenue a I'etape (j). 

3. Methode selon I'une quelconque des revendica- 20 
tions 1 a 2, dans laquelle la concentration selon (I) 
est realisee par ultrafiltration jusqu'a un volume in- 
ferieur au volume de plasma de depart. 

4. Methode selon I'une quelconque des revendica- 25 
tions 2 a 3, comprenant un ajustement de la force 
ionique a environ 1 ,40 mS avant I'etape h). 

5. Methode selon I'une quelconque des revendica- 
tions 2 a 4, dans laquelle un tampon acetate est uti- 30 
Use a I'etape h). 

6. Methode selon une ou plusieurs des revendications 
ci-dessus, comprenant en outre I'abaissement 
apres I'etape in', de preference a I'etape (i) de la re- 35 
vendication 2, de la force ionique a 0,5 mS ± 0,1 . 

7. Methode selon la revendication 6, dans laquelle 
I'abaissement de la force ionique se fait par diafil- 
tration contre de I'eau distillee. 40 



45 
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Figure 1. 

Fresh frozen plasma without coagulation factors 
Sephadex G25 
Euglobulin precipitation 
DEAE Sepharose FF 
Ultrafiltration 
Q Sepharose FF 
CM Sepharose FF 
pH adjustment to pH 4 + 0.1 
Ultrafiltration 
Virusinactivation at 30 °C for 4-16 h 
CM Sepharose FF 
Ultrafiltration 
Diafiltration to 0.5 + 0.1 mS 
Formulation 
Sterile filtration 



